Mediterranean Basin (WMB) were jointly studied for the first time for a relatively 17 long-term period (January 2010 -March 2013 . 18
Differences in average PM X concentration and composition between both 19 sites were attributed to: distance to anthropogenic sources, altitude, and 20 different influence of atmospheric episodes. All these factors result in a 21 continental to regional background increase of 4.0 µg m -3 for PM 10 and 1.1 µg 22 m -3 for PM 1 in the WMB. This increase is mainly constituted by organic matter, 23 sulfate, nitrate and sea salt. However, higher mineral matter concentrations 24
were measured at the continental background site owing to the higher influence 25 of long-range transport of dust and dust resuspension. 26
Seasonal variations of aerosol chemical components were ascribed to: 27 evolution of the planetary boundary layer (PBL) height throughout the year, 28 variations in the air mass origin, and differences in meteorology. During warmer 29 months, weak pressure gradients and elevated insolation generate recirculation 30 of air masses and enhances the development of the PBL, causing the aging of 31 aerosols and incrementing pollutant concentrations over a large area in the 32 WMB, including the continental background. This is reflected in a more similar 33 relative composition and absolute concentrations of continental and regional 34 background aerosols. Nevertheless, during colder months the thermal 35 inversions and the lower vertical development of the PBL leave MSC in the free 36 troposphere most of the time, whereas MSY is more influenced by regional 37 pollutants accumulated under winter anticyclonic conditions. This results in 38 much lower concentrations of PM X components at the continental background 39 site with respect to those at the regional background site. 40
The influence of certain atmospheric episodes caused different impacts 41 at regional and continental scales. When long-range transport from Central and 42
Eastern Europe and from North Africa occurs, the continental background site is 43 frequently more influenced, thus indicating a preferential transport of pollutants 44 at high altitude layers. Conversely, the regional background site was more 45 influenced by regional processes. 46
Introduction 55
The influence of atmospheric particulate matter (PM) on the Earth's 56 radiative budget generates a strong scientific interest because of its effect on 57
climate. Atmospheric PM interacts with the Earth's climate system by scattering 58 and absorbing solar radiation (direct climate forcing effect), and by acting as 59 cloud condensation nuclei (indirect climate forcing effect) (IPCC, 2013) . 60
Aerosols also have adverse effects on air quality (Directive 2008/50/EC) and 61 human health (WHO, 2013) , as well as on ecosystems (e.g. Burkhardt and 62 Pariyar, 2014) . The size distribution of aerosol chemical components is a key 63 factor in modulating these effects, and provides valuable information on the 64 aerosol origins and sources. Aerosol chemical composition measurements 65 carried out at complex sites such as urban areas constrain the assessment of 66 the origin of regional and long-range transported aerosols, as local sources 67 prevail. For this reason, measurements performed at a sufficient distance from 68 large emission sources are needed to determine background conditions and to 69 evaluate air mass transport effects. Furthermore, an improved understanding of 70 synoptic and mesoscale meteorological effects is necessary to develop a better 71 predictive capability of air quality and climate models. 72
Although there is not a well-established definition, continental 73 background environments can be described as representative of the air quality 74 of a wide area of hundreds of kilometers, as proposed by Laj et al. (2009) , with 75 the absence of local emissions. However, aerosols found in this type of 76 environments are not purely natural, the presence of some pollutants in these 77 sites indicates that they are affected by long-range transport of anthropogenic 78 emissions, since generally they are isolated from large polluted areas (>50 km) 79 (Putaud et al., 2010) . For this reason, these environments are also classified as 80 remote sites. In many cases the monitoring sites chosen to represent this type 81 of environments are located in mountaintops over 1000 m above sea level 82 (a.s.l.), therefore they are also called high altitude sites (Nyeki et al., 1998) or 83 free troposphere (FT) environments (Andrews et al., 2011) . The areas located 84 at sufficient distance from large anthropogenic sources but frequently within the 85 planetary boundary (PBL) are classified as regional background environments 86 (Putaud et al., 2010) . These environments are representative of the air quality 87 of a less extensive area and they are more influenced by regional transport of 88 polluted air masses than continental background environments. 89
Aerosol chemical characterization has been performed at many locations 90 across Europe, providing information on PM 10 and PM 2.5 chemical composition 91 from different types of environments (e.g. Putaud et al., 2010) , improving the 92 knowledge on the variation and trends of PM composition (e.g. Cusack et al., 93 2012) , and increasing the understanding of PM sources (Belis et al., 2013) . 94
Nevertheless, the PM 1 fraction remains relatively understudied, especially 95 outside urban areas. Most studies focusing on PM 1 have been carried out within 96 the PBL whereas measurements at continental background sites in Europe are 97 scarce and they were mostly taken in short-term measurement campaigns (e.g. 98 Carbone et al., 2010; Marenco et al., 2006) . The study of PM 1 chemical 99 composition at continental background sites may be necessary to assess the 100 contribution of regional and long-range transport, since it is in the PM 1 fraction 101 where most of the anthropogenic constituents are concentrated (Minguillón et 102 al., 2012; Pérez et al., 2008b) . 103
The Mediterranean region is characterized by particular atmospheric 114 dynamics strongly influenced by its topography (Jorba et al., 2013; Millan et al., 115 1997) . Over this region, elevated emissions of anthropogenic pollutants occur, 116 arrival of natural and anthropogenic aerosols as a result of long-range transport 117 from Africa and Europe is frequent (Pey et al., 2010 (Pey et al., , 2013b Ripoll et al., 2014) , 118 and accumulation and recirculation processes are recurrently observed 119 (Rodriguez et al., 2002) . 120 Mediterranean Basin (WMB) (Ripoll et al. 2014 ). This station is located in the FT 125 most of the time due to its elevation (1570 m a.s.l.); although during the warmer 126 months that isolation is broken as a result of vertical mixing and mountain 127 breeze regimes (Ripoll et al. 2014) . MSY is a regional background observatory 128 located in the WMB (720 m a.s.l.) in operation since 2002 (Cusack et al., 2012 129 Pérez et al., 2008a) and it is influenced by regional anthropogenic emissions in 130 specific scenarios (Pérez et al., 2008a; Pey et al., 2010 Where nss-Na is the non-sea-salt sodium and it was calculated as nss-209 Na=Al 2 O 3 *0.067 according to the composition of the mineral particles from the 210 Sahara given by Moreno et al. (2006) , and hence the remaining sodium was 211 sea-salt sodium (ss-Na=Na -nss-Na). 212
Consequently, the sea salt (SS) determination at MSC was given by: 213
At MSY, Na concentrations were totally attributed to SS, given that it is 215 located closer to the sea and in agreement with Pey et al. (2009) . 216
Principal component analysis 217
Principal component analysis (PCA) was performed using the software 218 STATISTICA v10.0. The orthogonal transformation method with Varimax 219 rotation (Thurston and Spengler, 1985) 
Classification of atmospheric episodes 229
The classification of the atmospheric episodes affecting MSC and MSY 230 sites on each day of the sampling period was performed following the procedure 231 described by Ripoll et al. (2014) , and the different air mass transport pathways 232 determined were: 1) Atlantic North (AN), 2) Atlantic North West (ANW), 3) 233 Atlantic South West (ASW), 4) North Africa (NAF), 5) Mediterranean (MED), 6) 234 Europe (EU), 7) Winter Regional (WREG, from November to April), and 8) 235
Summer Regional (SREG, from May to October) (Fig. 1) . 236
Additionally, the boundary layer height was calculated at MSC and MSY 237 sites using the READY model from the NOAA Air Resources Laboratory 238 (http://www.ready.noaa.gov/READYamet.php), which is based in meteorological 239 conditions defining Pasquill stability classes, and uses a resolution grid of 50 240 km. This was calculated every three hours during the whole period (Fig. S2) , respectively, whereas at MSY regional background site these 251 concentrations were 15.5 ± 7.9 µg m -3 and 8.2 ± 4.1 µg m -3 (Table S1 ). Thus, 252 the continental to regional background increase is estimated in 4.0 µg m -3 for 253 PM 10 and 1.1 µg m -3 for PM 1 in the WMB. This increase is caused by 254 differences of: a) altitude, b) distance to anthropogenic sources, and c) impact 255 of atmospheric episodes. The contribution of different aerosol chemical 256 components to this increment will be discussed in section 3.2. 257 A significant seasonal variation of PM 10 and PM 1 mass concentrations 258 was observed at both sites, with maximum values in summer and minimum in 259 winter (Fig.2) . Comparable seasonal patterns for PM X concentrations were 260 described for MSC (Ripoll et al., 2014) and for other regional and continental 261 background sites in southern Europe (e.g. Cozic et al., 2008; Querol et al., 262 1998; Rodríguez et al., 2003; Tositti et al., 2013) . In those studies the seasonal 263 pattern has been attributed to changes in the air mass origin from summer to 264 winter, and to the different PBL height between seasons. Moreover, at both 265 MSC and MSY sites a secondary maximum of PM 10 and PM 1 concentrations 266 was observed in early spring (Fig. 2) . 267 PM 10 concentrations showed a stronger seasonal pattern than PM 1 268 concentrations at both sites (Fig. 2) . This is ascribed to the higher impact of 269 resuspended and long-range transported dust on the PM 10 fraction, both 270 enhanced in summer (see section 3.3), and to the prevalence of the 271 anthropogenic constituents in PM 1 , whose emissions occur all along the year. 272
Comparison of these results with those from other continental 273 background sites in Central Europe, such as Puy de Dôme at 1465 m a.s.l. in 274
France (Bourcier et al., 2012) and Jungfraujoch at 3454 m a.s.l. in Switzerland 275 (Cozic et al., 2008) , shows that PM 10 and PM 1 concentrations were higher at the 276 continental background site in the WMB (Fig. S3 and Table S1 ). Such higher 277 PM 10 and PM 1 concentrations at MSC are related to the increasing role of 278
Saharan dust particles over this area, as discussed in section 3.3 and in 279 agreement with Ripoll et al. (2014) ; and to the more polluted atmosphere in 280 summer as a result of the air mass recirculation over the WMB (Millan et al., 281 1997) . By contrast, PM 10 concentrations at the regional background site in the 282 WMB were lower than those at the rural sites in Switzerland (Gianini et al., 283 2012) (Fig. S3 and Table S1 ), probably because of the specific alpine location 284 of these sites which hinders pollution dispersion. 285 286
Continental vs. regional background aerosol chemical composition in the 287
Western Mediterranean 288 3.2.1 Average aerosol chemical composition 289 PM 1 was mainly composed of OM at both sites (39% at MSC and 34% at 290 MSY), followed by sulfate (17 and 21%), ammonium (7 and 6%), MM (5 and 291 4%), nitrate (3%), SS (1 and 2%), and EC (1 and 2%) (Fig. 3 and Table S1 ). 292
The undetermined mass accounted for 27 and 28%. The PM 1-10 fraction mainly 293 differed in the contribution of MM (55% at MSC and 39% at MSY), whereas the 294 other components contributed similarly: OM (14 and 15%), nitrate (9 and 11%), 295 sulfate (5 and 7%), SS (3 and 5%), ammonium (1 and 2%) and EC (0.4 and 296 1%). The undetermined mass was 20% at MSY and 13% at MSC. The closer 297 compositional similarities for PM 1 fraction points to the suitability of using PM 1 298 as indicator of regional anthropogenic pollution in Europe, and reflects the wider 299 spatial representativeness of the fine PM. 300
Overall, average absolute concentrations of chemical components were 301 more similar between MSC and MSY for PM 1 than for the PM 10 ( Fig. 3 and 302 Table S1 ). The PM 1 continental to regional background increase of 1.1 µg m -3 303 was attributed to the higher concentrations of PM 1 sulfate, EC, OM, and some 304 anthropogenic trace elements (V, Ni, Cu, Zn, and Pb) at the regional 305 background site. The increase of 4.0 µg m -3 of PM 10 at MSY with respect to 306 MSC is attributed to higher concentrations of OM, sulfate, nitrate and SS. These 307 differences confirm that MSC is located at a sufficient altitude and distance from 308 large urban/industrial agglomerations to avoid direct anthropogenic influence 309
and to be considered a continental background site of the WMB. This also 310 confirms that MSY is more affected by the marine aerosols as it is located 311 closer to the coast. Nevertheless, MM and MM-related elements (Ti, Mn, Li and 312 Sr) PM 10 concentrations were higher at the continental background site than at 313 the regional background site, probably due to the prevalence of long-range dust 314 transport at higher altitude layers (Sicard et al., 2011) , and to the higher dust 315 resuspension at MSC. 316
In order to provide a global picture of the origin and variability of trace 317 elements in the study region, a Principal Component Analysis (PCA) was 318 performed. This exploration permitted the identification of three main common 319 groups of trace elements in PM 10 at the continental and regional background 320 sites. Ordered by their contribution to the total mass of trace elements in PM 10 321 these groups were: mineral, industrial + road traffic and fuel oil combustion 322 related elements (Table S2 and Table S3 ). 323
In the mineral group typical crustal elements (Ti, Mn, Li, and Sr) were 324 included, but also V, Cr, Co, Ni, and As were partially associated with this factor 325 since these elements, usually attributed to anthropogenic sources, are also 326 found in clay mineral assemblages. The group for which high loading factors 327 were obtained for Cu, Zn, As, Cd, Pb, Sb and Sn was associated with 328 industrial + road traffic sources, based on previous studies which identified a) 329
Pb, Zn, Mn, and Cd as tracers of the influence of industrial activities located in 330 the surroundings of Barcelona, such as smelters and cement kilns, b) Cu, Sn 331
and Sb as tracers of non-exhaust vehicle emissions (Amato et al., 2009 ). These 332 sources could not be split by the PCA probably because these emissions are 333 mixed during their transportation from industrial and urban areas to MSY and 334 MSC. The fuel oil combustion group was better identified at MSY than at 335 MSC, and it was traced by V and Ni. These elements are typical markers of fuel 336 oil combustion, strongly influenced by shipping emissions in the study region 337 (Minguillón et al., 2014; Pey et al., 2013a) . 338 Fig. S3 and S4 and Table S1 shows average concentrations of chemical 339 components in PM 10 at the continental background site of Puy de Dôme 340 (Bourcier et al., 2012) and at the rural stations of Payerne and Magadino 341 (Gianini et al., 2012) . Nitrate and ammonium PM 10 concentrations at MSC were 342 slightly higher than those observed at Puy de Dôme, whereas the 343 concentrations registered at MSY were lower than those measured at Payerne 344 and Magadino. The similar sulfate concentrations across Europe in both 345 continental and regional background areas corroborate that this component can 346 remain in the atmosphere for long time, homogenizing sulfate concentrations in 347
Europe. Average PM 10 concentrations of EC and OM in the WMB were lower 348 than those measured at Payerne and Magadino, probably due to the higher 349 influence of biomass burning in Central Europe. This is confirmed by the higher 350 concentrations of the well-known biomass burning tracer potassium (Pio et al., 351 2008) registered at the Swiss stations, most of it water soluble (Gianini et al., Cu, Zn, As, Cd, Sb, and Pb, were recorded at the Swiss stations, with the 360 exception of V which was higher at the Spanish sites. This can be partially 361 attributed to a greater influence of emissions from fuel-oil combustion, mostly 362 from shipping emissions in the Mediterranean region (Pey et al., 2009) . 363 3.2.2 Partitioning of major and trace components in PM 1 and PM 1-10 364
In the WMB region nitrate showed a prevalent coarse grain size 365 distribution (Figs. 3 and S5) . PM 1-10 nitrate compounds were partially associated 366 with mineral dust and sea salt particles, since nitric acid and/or some other 367 nitrogen compounds can react with these particles (Wall et al., 1988; Zhuang et 368 al., 1999a) . The resulting coarse sodium or calcium nitrates particles are much 369 more stable than ammonium nitrate at high temperature and low humidity 370 (Zhuang et al., 1999b) . 371
As expected, sulfate was mainly fine at both sites (Figs. 3 and S5) , 372 hence attributed to the presence of ammonium sulfate as deduced by the good 373 ionic balance fitting between sulfate and ammonium (R 2 =0.899). Nevertheless, 374 PM 1-10 sulfate was also detected at MSC and MSY, and it was partially 375 attributed to mineral dust and sea salt particles, and partially attributed to the 376 reaction product between sulfuric acid and/or sulfur dioxide (SO 2 ) and these 377 natural particles (Wall et al., 1988; Zhuang et al., 1999a) . 378
Ammonium showed a prevalent fine grain size distribution at the 379 continental and regional background sites (Figs. 3 and S5 ). Fine ammonium 380 was attributed to the presence of both ammonium nitrate and ammonium 381 sulfate. PM 1-10 ammonium is most likely in PM 1-2.5 fraction, according to Querol 382 et al. (2009) . 383
OM was mainly fine at both sites (Figs. 3 and S5). A high number of 384
studies have demonstrated the dominant secondary origin of the fine OM 385 (Jimenez et al., 2009 ). In the study area, previous works found that secondary 386 organic aerosols (SOA) accounted for 91% and 55% of the OM at MSY and at 387 the city of Barcelona, respectively (Minguillón et al., 2011; Mohr et al., 2012) . 388 Therefore, fine OM at MSC is expected to be dominated by SOA, even more 389 than at MSY given its remote settlement. Furthermore, the presence of OM in 390 PM 1-10 , especially in spring and summer, suggests the impact of primary 391 bioaerosols (Pöschl et al., 2010) . 392
Despite EC was mainly fine at both sites (Figs. 3 and S5), PM 1-10 EC was 393 also detected, suggesting a partial association between EC and MM by means 394 of adsorption of anthropogenic pollutants onto dust. 395
As expected, most of the MM species and the mineral trace elements 396 were encountered in the PM 1-10 fraction, while the concentrations in PM 1 were 397 clearly lower at both sites (Figs. 3 and S6 and Table S1 ). Contrary to the rest of 398 MM species, K was also abundant in PM 1 fraction and its concentrations were 399 slightly higher at MSY than those at MSC (Figs. S6 and S7c) . This indicates an 400 additional source origin other than mineral (generally as K-feldspar and illite, a 401 K-bearing clay mineral), such as biomass burning, especially over the regional 402 background. The winter DAURE campaign performed in March 2009 revealed 403 that biomass burning emissions accounted for 33% of EC and 22% of OM at 404 MSY (Minguillón et al., 2011) . Nevertheless, these contributions are much lower 405 than those obtained at other European regions (Pio et al., 2011) . 406 SS components were found mainly in the PM 1-10 fraction at both sites 407 (Figs. 3 and S5) as we expected. In the continental background, the lower 408 variation of SS concentrations as a function of atmospheric episodes reflects 409 the minor impact of marine aerosols in this continental background area. 410
Most of the trace elements showed a prevalent fine grain size 411 distribution at MSC and MSY (Fig. S8) , especially the ones include in the 412 industrial + road traffic group and in the fuel oil combustion group. V, Cr, Co, Ni, 413
and As were also found in the PM 1-10 fraction because these elements are also 414 present in clay mineral assemblages. 415 416
Atmospheric episodes affecting continental and regional background 417 aerosol chemical composition in the Western Mediterranean 418
The WMB is affected by peculiar atmospheric episodes which influence 419 aerosol chemical composition. At MSC site higher frequency of Atlantic 420 advections was detected, whereas MSY site was more influenced by regional 421 episodes (Fig. 1) . However, the seasonal distribution of the main atmospheric 422 episodes throughout the year is very similar at both sites. The North African 423 (NAF) episodes were more frequent from March to October (17% and 18% of 424 the days, at MSC and MSY, respectively), and very often they alternated with 425 the summer regional (SREG) scenarios (12% and 27% of the days) or both 426 episodes occurred simultaneously, when the NAF air masses travel at high 427 altitudes and the stagnation of air masses prevail at surface levels (Escudero et 428 al., 2005) . The winter regional (WREG) scenarios were detected from October 429 to March (11% and 27% of the days), as well as the European (EU) episodes 430 (11% and 13% of the days). Air masses from the Atlantic (AN, ANW and ASW) 431 affected the WMB all along the year (62% and 41% of the days). Conversely, 432 the Mediterranean (MED) episodes were detected sporadically (4% of the days 433 at both sites) and therefore conclusions on their characteristics will not be 434 drawn in the present study. Moreover, the WMB is affected by sporadic large 435 wildfire events, especially during summer (Cristofanelli et al., 2009) . 436
North African episodes (NAF) 437
The non-NAF to NAF increase in PM 1 concentrations is estimated in 2.9 438 µg m -3 and 4.6 µg m -3 at MSC and MSY, respectively, whereas this increase in 439 PM 1-10 concentrations is estimated in 14.3 µg m -3 and 7 µg m -3 (Figs. 4 and 5) . 440
The PM 1 non-NAF to NAF increase was attributed to the increment of PM 1 MM, 441 sulfate, nitrate, ammonium, OM, and EC (Figs. S5 and S6) . In relative 442 contribution the highest difference in PM 1 concentrations was recorded for MM 443 at MSC (Fig. 4) thus evidencing that NAF episodes also affect the fine fraction. 444
On the other hand, the higher concentrations of PM 1-10 MM under NAF 445 episodes accounted for the non-NAF to NAF increase of PM 1-10 concentrations. 446
Additionally, average concentrations of trace elements from the mineral group 447 were higher at the continental background site than at the regional background 448 site under NAF episodes (Fig. S6) The higher impact of NAF scenarios on the continental than on the 453 regional background aerosols in the WMB confirms that African dust travels 454 preferentially at high altitudes. The concurrent increase of secondary pollutants 455 (nitrate and sulfate) at MSC demonstrates that dust arrives together with 456 industrial pollutants, as evidenced at Canary islands by Rodríguez et al. (2011) . 457
The relatively high concentrations of secondary pollutants and EC during NAF 458 at MSY in PM 1 and PM 1-10 can be related to the interaction of dust with 459 anthropogenic pollutants. During NAF episodes a compression of the PBL is 460 observed at regional scale (Alastuey et al., 2005; Pandolfi et al., 2013) (Fig.  461 S9), and a dominance of southern winds during the whole day breaks the 462 regular sea breeze circulation (Jorba et al., 2013) . These processes enhance 463 the concentration of regional pollutants in the lowest part of the troposphere and 464 inhibit the sea breeze "clean up" effect. 465
The net contribution of African dust to the PM 10 concentrations was 466 estimated in 16% at MSC and 11% at MSY. This is in agreement with results 467 presented by Pey et al. (2013b) . 468
An example of the impact of NAF episodes on the continental and 469 regional background aerosols was recorded on 26 March 2011 (Fig. 5b) . 470
Backward trajectory for this day clearly showed a North African air mass origin 471 (Fig. S10) and NAAPS model indicated high dust surface concentrations over 472 the Iberian Peninsula (Fig. S11) at MSC (more than 5 times higher than the annual average), and 9 µg m -3 at 475 MSY (about 3 times higher than the annual average). At MSC, concentrations of 476 MM increased simultaneously with those of sulfate (2 times higher than the 477 annual average), nitrate (3 times) and other anthropogenic elements, such as 478
Sb and EC, reflecting that dust is transported together with these pollutants. 479
The increments of absolute concentrations of nitrate, sulfate, Sb and EC were 480 higher at MSY than MSC probably due to the aforementioned effect of both the 481 PBL compression and the breeze. 482
Summer regional episodes (SREG) 483
The importance of the SREG scenarios in the WMB has been studied in 484 a number of works (e.g. Escudero et al., 2005; Gangoiti et al., 2001; Millan et 485 al., 1997; Rodriguez et al., 2002) . These episodes take place under weak 486 barometric gradient and a lack of advections in summer, which causes the 487 recirculation of air masses over the WMB. Generally, these situations last for 488 several days, favoring the accumulation of pollutants at regional scale, 489 increasing the magnitude of convection and aging processes, and enhancing 490 the dust resuspension and the formation of secondary organic and inorganic 491 aerosols. For these reasons, under SREG episodes high concentrations of PM 1 492 and PM 1-10 were measured at the regional background site (Fig. 4) . The PM 1 493 increase was attributed to higher concentrations of PM 1 sulfate, OM, EC and 494 trace elements of industrial + road traffic group, and the PM 1-10 increase was 495 ascribed to higher concentrations of PM 1-10 MM, OM, and EC (Figs. S5, S6 and 496
S8). 497
In spite of the high altitude of MSC, the continental background site was 498 also affected by this type of episodes due to a higher development of the PBL 499 over the continental areas (Fig. S9) , which favors the transport of anthropogenic 500 pollutants towards high altitude sites such as MSC, and enhance the dust 501 resuspension (Figs. 4, S5, S6 and S8) . 502
High concentrations of elements such as Ca, Mg, Sr, and Mn during 503 SREG scenarios (Fig. S6) confirm the local/regional origin of these dust 504 particles at both sites. However, the ratio of concentrations of these specific 505 elements with respect to Al during SREG scenarios was higher at MSC 506 compared to MSY, probably because of the calcareous (richer in Ca, Mg, Sr 507 and Mn) nature of Montsec range as opposed to the slate and granitic 508 composition (richer in Al) of Montseny range. 509
Winter regional episodes (WREG) 510
The WREG episodes affecting the WMB have been described by Pey et 511 al. (2010) as winter anticyclonic episodes (WAE), based on a comparison 512 between urban and regional background sites. In the present study the WREG 513 episodes showed low concentrations of PM 1 and PM 1-10 on average (Fig. 4) The impact of these episodes on the continental and regional 520 background aerosols can be explained by the persistence of anticyclonic 521 conditions in the WMB. During these situations the stagnation of air masses 522 occurs, which increases the pollution around the emission sources (mainly 523 urban and industrial areas); therefore regional and continental background 524 areas are presumably free of this anthropogenic pollution. However, the 525 meteorological conditions (sunny days and thermal inversion) together with the 526 topography of the WMB (very mountainous) may develop mountain breezes. In 527 this case, the anthropogenic pollution accumulated over the adjacent valleys, 528 reaches regional background sites and rarely continental background areas as 529 intense pollution episodes. 530 Fig. 5d shows an example of a WREG episode affecting the WMB during 531 the period 14-19 January 2012. Backward trajectory of air masses for these 532 days corroborate a WREG situation (Fig. S10) . During this episode PM 10 nitrate, 533 ammonium, EC and OM concentrations at the regional background site 534 increased from 0.2 µg m , respectively. 540
European episodes (EU) 541
During EU episodes air masses from Central and Eastern Europe are 542 transported towards the WMB crossing the whole continent. This type of 543 episode is associated with cold meteorological conditions and polluted air 544 masses (Pey et al., 2010) . For this reason, under EU episodes high 545 concentrations of PM 1 and PM 1-10 were measured at both sites (Fig. 4) . This 546 increase was attributed to higher concentrations of nitrate, ammonium, OM, EC 547 and trace elements of industrial + road traffic group at both fractions PM 1 and 548 PM 1-10 , especially at MSC (Figs. S5 and S8) . 549
The higher impact of EU scenarios on the continental background 550 aerosols than on the regional background aerosols, confirms that the transport 551 of pollutants occurs preferentially at high altitude layers (between 915-1930 m), 552 as observed by Sicard et al. (2011) . 553
An example of the impact of EU episodes on the continental and regional 554 background aerosols was recorded on 15 October 2011 (Fig. 5c ). During this 555 episode the air mass remained 3 days over Central Europe before reaching the 556 WMB, as shown by the backward trajectory (Fig. S4 ). Under these 557 meteorological conditions PM 10 nitrate, sulfate, ammonium, EC and OM daily 558 concentration at MSC reached 5 µg m -3 (6 times higher than the annual 559 average), 4 µg m -3 (about 3 times higher than the annual average), 2 µg m -3
560
(more than 4 times higher than the annual average), 0.3 µg m -3 (almost 3 times 561 higher than the annual average) and 6.4 µg m -3 (about 2 times higher than the 562 annual average), respectively. Simultaneously, the regional background site , respectively. 566
Atlantic advections (AN, ANW, ASW) 567
The WMB is strongly affected by oceanic air masses owing to the high 568 influence of Atlantic winds over this region, which is favored by the 569 displacement of the Azores High westwards or southwards, allowing the 570 movement of depression systems towards the Mediterranean (Lopez-Bustins et 571 al., 2008) . This type of episodes is associated with increased precipitation and 572 intense winds, which favors the atmospheric wet-scavenging processes, leading 573 to the renovation of the regional aged air masses. 574
These meteorological conditions explain why low PM 1 and PM 1-10 575 concentrations were measured under Atlantic advections at both sites (Fig. 4)  576 and for most of the aerosol chemical components (Figs. S5, S6 and S8) . 577
Wildfire events 578
Although biomass burning is not a major source in the WMB, some 579 contribution of biomass burning is observed and partially attributed to wildfires. 580 Therefore, high concentrations of PM 1 OM and EC during NAF and SREG 581 episodes (Fig. S5) were partially ascribed to higher frequency of wildfires, since 582 these episodes very often occur simultaneously. 583 concentrations over SE Europe (Fig. S11) . Backward trajectory for these days 587 clearly showed a transport of air masses from SE Europe towards the WMB 588 (Fig. S10) . During this episode, daily PM 10 OM and EC concentration at MSY 589 reached 7.9 µg m -3 (almost 2 times higher than the annual average) and 0.3 µg 590 m -3 (1.5 times higher than the annual average), respectively, and at MSC it was 591 9.1 µg m -3 (almost 3 times higher than the annual average) and 0.3 µg m -3 (3 592 times higher than the annual average). Moreover, K concentrations in PM 10 at 593 MSY reached 0.27 µg m -3 (2 times higher than the annual average), with a 594 prevalent fine partitioning (PM 1 /PM 10 =0.55), instead of its main coarse 595 occurrence (PM 1 /PM 10 =0.28) during NAF episodes, which confirms the biomass 596 burning origin. 597 598
Seasonal variation of continental and regional background aerosol 599 chemical composition in the Western Mediterranean 600
In addition to the atmospheric episodes discussed above, the aerosols in 601 the WMB are also affected by the different evolution of the PBL height and 602 differences in the meteorological parameters throughout the year. In the warmer 603 months (April-September) the development of the PBL at MSC is much more 604 relevant than that at MSY (Figs. S2 and S9 ) owing to the higher convection at 605 the continental background sites (Rodriguez et al., 2002) , and to the higher 606 cooling effect from the sea breeze at the regional background sites. On the 607 other hand, in the colder months (October-March) the lower vertical 608 development of the PBL at the inland sites leaves MSC in the FT on most days, 609 whereas the regional background site is located most of the day within the PBL 610 (Fig. S2) . 611
Nitrate concentrations decreased in summer at both sites, especially in 612 PM 1 (Fig. 6 ) (2 and 3 times lower than the winter concentrations at MSC and 613 MSY, respectively). This decrease was attributed to the high volatility of 614 ammonium nitrate (Pey et al., 2009 ) at low humidity and high temperature 615 (Zhuang et al., 1999b) . During the colder months higher nitrate concentrations 616 are associated to WREG episodes at MSY and to EU episodes at MSC, with 617 the exception of the November-to-January period, when MSC is mostly within 618 the FT and therefore low nitrate concentrations were registered. 619
Sulfate showed similar seasonal variations at both sites and relatively 620 similar absolute concentrations, with the highest values during the warmer 621 months (3 and 2 times higher than the winter concentrations at MSC and MSY, 622 respectively) (Fig. 6) . The squared Pearson correlation coefficient between the 623 daily sulfate concentrations at MSC and MSY was 0.71. This similarity reflects 624 the high stability of sulfate and its longer residence time in the atmosphere 625 resulting in a homogeneous sulfate concentration in the WMB. The summer 626 maximum was likely due to the higher photochemistry in the atmosphere that 627 enhances the SO 2 oxidation (6% h -1 in summer vs <1% h -1 in winter, Querol et 628 al., 1999) , and to the accumulation of pollutants over the WMB as a result of the 629 SREG and NAF episodes. Additionally, regional background sulfate aerosols in 630 summer could be affected by the transport of shipping emissions from the 631
Mediterranean to the continental areas, due to the more intense sea breeze 632 circulation at MSY. The lower concentrations during the colder months were 633 attributed to the lower rate of SO 2 oxidation (Querol et al., 1999) , and at MSC to 634 the FT conditions. 635
Ammonium concentrations did not follow a clear seasonal pattern (Fig. 636 6) due to its association with both sulfate and nitrate. 637
Organic matter concentrations followed a similar seasonal variation at 638 both sites, with the highest values during the warmer months (1.8 and 1.5 times 639 higher than the winter concentrations at MSC and MSY, respectively) (Fig. 6) . 640
The summer maximum was due to: 1) the higher temperature and 641 photochemistry in the atmosphere that enhances the formation of SOA; 2) the 642 accumulation of pollutants over the WMB owing to the occurrence of SREG and 643 NAF episodes; 3) the greater biogenic emissions from vegetation (Seco et al., 644 2011) ; and 4) the higher frequency of wildfires. Furthermore, at MSY a 645 secondary maximum of OM concentrations occurred in October-March linked to 646 the occurrence of WREG episodes. The continental background site was less 647 affected by this type of episodes, since MSC is mostly within the FT in winter. 648
Elemental carbon showed high concentrations in the warmer months at 649 MSC and a less marked seasonal variation at MSY (Fig. 6 ). The smoother 650 seasonal variation at MSY reflects the regional anthropogenic influence on the 651 levels of this component, since anthropogenic emissions occur all along the 652 year. The higher summer EC concentrations at both sites (more elevated at 653 MSY) were attributed to the impact of the SREG and NAF episodes, and to the 654 higher occurrence of wildfires. Additionally, at MSY high concentrations of EC in 655 summer may be caused by the higher transport of shipping emissions. The 656 increase of EC during the colder months was not registered simultaneously at 657 both environments (Fig. 6 ) because at the regional background site it was 658 attributed to the impact of WREG episodes, whereas at the continental 659 background site it was associated with EU episodes. 660
Mineral matter concentrations and mineral trace elements in the WMB 661 are driven by the local and regional dust resuspension and by the contribution 662 of African dust outbreaks, both enhanced in the warmer months. Consequently, 663
the highest values were measured in summer and the lowest in winter, with 664 sporadic high concentrations in March-April (Figs. 6 and 7) . 665
Trace elements concentrations of the industrial + road traffic group 666 showed low variations, especially at MSY (Fig. 7) , since anthropogenic 667 emissions occur all along the year. Fuel oil combustion elements showed a 668 marked seasonal pattern at both sites, with the highest values in summer (Fig. 669 7) due to the higher shipping emissions and the more frequent and intense sea 670 breeze circulation, which enhances the transport of air masses from the 671 Mediterranean Sea. 672 Cristofanelli, P., Marinoni, A., Arduini, J., Bonaf, U., Calzolari, F., Colombo, T., 825
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